abstract the aim of the present study was to evaluate the effects of the different color temperatures (Kelvin; K) of the light emitting diodes (lEds) on broiler chicken health and growth performance compared to incandescent (icd) light bulbs. three hundred and sixty one-day-old ross 308 male chicks were tested for 42 days. the chicks were randomly distributed into three treatment groups [neutral-white (4,286 K), warm-white (2,990 K), and icd (2,790 K) light bulbs] of 120 chicks/treatment with six replicates each by adopting complete randomized design. the diets were similar for all treatment groups. the live body weight and feed intake were recorded weekly and feed conversion ratio (fcr) was calculated (weekly and whole period). indices of humoral immunity [antisheep red blood cell (srbc) titer, igg, and igm at 26 and 34 days of age], newcastle disease (nd) virus and avian influenza (AI) virus antibody at 40 days of age, cell-mediated immunity [cutaneous basophilic hyper-sensitivity (cbh) response at 41 days of age)] as well as total and differential leukocyte numbers at 42 days of age) were measured. Effects of different color temperatures of the lEds and icd light bulbs on body weight, feed consumption, and fcr were not statistically significant (P>0.05). Also, the effect of color temperatures of light on secondary titers of SRBC, AI antibody response, cbh response, the total number of leukocytes and percentage of lymphocytes were not significant. However, the different color temperatures of LEDs have a significant effect on primary SRBC and ND antibody titers (P≤0.05). The highest primary SRBC (P≤0.05) and ND (P≤0.05) antibody titers were observed in warm-white light. It was concluded that based on the 3 color temperatures examined, it seems that the most suitable to provide the optimum level of immunity and energy-saving in commercial broiler houses is warm-white light.
Light is an important environmental factor to influence many factors such as the behavior (Skoglund and Palmer, 1962) , activity (Levenick and Leighton, 1988) , reproductive characteristics (Bobadilla-Mendez et al., 2016) , growth performance (Rozenboim et al., 2004) and immunity of birds (Xie et al., 2011; Seo et al., 2015) , and it is widely used in the poultry industry. Presently in Iran, the light source used in broiler houses is mainly incandescent (ICD) light bulbs. With the expected continued increase in energy prices, an interest has grown to use less energy-consuming light sources. Light-emitting diodes (LED) are much more energy efficient and provide sufficient brightness (Hassan et al., 2014) . Thus, most of the poultry producers have replaced ICD lamps with LEDs. Moreover, LEDs are potentially beneficial to the poultry industries due to long life span, moisture resistance, and narrow spectrum (Olanrewaju et al., 2015) . The first LEDs developed were monochromatic; they had a very narrow spectrum so that the resulting color appeared different from white (500 nM). Recently, LEDs emitting white light with a range of color temperatures (a way to describe the light appearance) have been developed. Color temperature is measured in degrees of kelvin (K) on a scale from 1,000 [very warm (yellowish) ] to 10,000 [very cool (bluish) ]. It depends on the spectral characteristics, for example, the power emitted from the different wavelengths, but it differs in white light which includes all the wavelengths of the visible spectrum (Riber, 2015) . Furthermore, color temperature is thus an indication of the color appearance of white light, with warmer colors having lower temperatures (Riber, 2015) . In this study, we used two color temperatures: 2,990 and 4,286 K as warm-white and neutral-white, respectively.
Recent study on broilers showed that monochromatic blue and green light improved welfare and performance. Cao et al. (2008) suggested that blue and green monochromatic lights were more effective to stimulate testosterone secretion and myofiber growth of broiler chickens that led to increased body growth compared to white and red lights. Also, several studies on broilers showed that blue and green have a positive effect on growth performance (Rozenboim et al., 2004) , bird welfare (Bessei, 2006) , and cellular and humoral immune responses (Xie et al., 2008) . Studies on broiler chickens showed that different color lights had an alleviating effect on stress responses in broilers (Xie et al., 2008; Huth and Archer, 2015) .
Most research has been done on monochromatic light, whereas researches into a white light with different color temperatures are rare. So, the aim of the present study was to determine the effects of the different color temperatures of the LEDs (neutral-white and warm-white) compared to the ICD light bulbs in male broiler chickens on growth performance, immune responses and welfare indices.
material and methods light treatments and management
A total of 360 one-day-old male Ross 308 broiler chicks were used to evaluate the effects of the different color temperatures of the LEDs on broiler chicken health and performance compared to the ICD light bulbs. This experiment involved three treatments: neutral-white (4,286 K), warm-white (2,990 K; both from Ava Noor Gostaran Alborz Co, Karaj, Iran), and ICD (2,790 K) light bulb. A comparison of spectra between these bulbs can be seen in Figure 1 . Each treatment consisted of 6 pens (1.2×2 m; 0.12 m 2 /bird) containing 20 male broiler chicks each in a light tight room equipped with one of the light sources. The room temperature of the three treatments was set to 33°C during the first 3 d and then gradually lowered to 20°C on d 28, where it remained. Each pen was outfitted with one plastic pan feeder, one bell drinker, and covered by 5 cm wood shaving material. The birds received mash diet from one to 42 d of age and had free access to water and feed. The diets (as recommended by Broiler Management Manual for Ross 308) were similar for all treatment groups in 3-phase feeding program (starter: 1 to 14 d; grower: 15 to 28 d; finisher: 29 to 42 d). At one day of age, the birds were given 24 h light at 50 Gallilux of light (using a light meter; Hato Galli-Luxmeter, Handelsstraat 31, 6135 KK Sittard, The Netherlands), and then for the rest of the trial were kept under a 23L:1D photoperiod at 50 Gallilux of light. broiler chicken performance Feed intake and body weight were recorded weekly to calculate feed conversion ratio (FCR) as g feed intake/g weight gain. Feed conversion ratio was calculated by dividing the total feed intake per pen by the total body weight gain per pen and was corrected for mortality and day 0 weight. Broiler chickens were checked daily for mortality. Percentage of mortality was calculated as the number of birds that died throughout the study compared to the initial number placed in the pen.
anti-srbc antibody assay
A phosphate-buffered (PBS; pH =7.5) suspension of SRBC (5%) was injected (one mL) into the breast muscle of 12 chicks per treatment at 26 d of age. The same birds then received a booster injection at 34 d of age. Seven days after each injec-tion, 2 ml of blood was drawn from the brachial vein of the birds into heparinized tubes. The blood samples were centrifuged for 12 min (1800 × g at 18°C) and plasma from each sample decanted and kept at -20ºC for later analysis. Total anti-SRBC antibody, IgG and IgM titers were assayed using methods described by Van Der Zijpp and Leenstra (1980) . Briefly, serum was pipetted into micro-centrifuge tubes and inactivated by heat in a 56°C water bath for 30 min. To assess total antibodies, 50 μL of PBS and 50 μL of serum were placed in the first row of wells in a 96-well V-bottom microtitration plate (Corning Glass, Corning, NY, USA), and the solution was incubated for 30 min at 37°C. Then, 50 μL of PBS was added to the remaining wells to make a 2-fold serial dilution for each sample on successive rows. Finally, 50 μL of 5% SRBC suspension was added to each well. Total antibody titers were then read after 30 min of incubation at 37°C. The titers were expressed as log 2 of the reciprocal of the highest dilution giving visible agglutination. The IgG ME-resistant (MER) and IgM ME-sensitive (MES) antibody titers were assessed using the same procedure as for total titers except that 50 μL of 0.02 molar mercaptoethanol in PBS was used instead of PBS alone. The difference between total and MER titers was considered as the MES titer.
cbh response
The cutaneous basophil hyper-sensitivity (CBH) response to phytohemagglutinin-M (PHA-M; Gibco, Grand Island, NY, USA) was used to assess the in vivo cellmediated immune response. At 41 d of age, 12 birds per treatment received 0.1 mL of PHA-M intradermally between the second and third digits of the right foot. The left foot was injected with 0.1 mL of PBS (pH = 7.5) as control. Toe web thickness was measured just prior to injection and 24 h post-injection with a pressure sensitive caliper, and the response was evaluated as follows: [(thickness of right toe web postinjection − thickness of right toe web preinjection) − (thickness of left toe web postinjection − thickness of left toe web preinjection)] (Akhlaghi et al., 2013).
Immunization against Newcastle disease virus and avian influenza virus
All the birds were subcutaneously vaccinated against Newcastle disease (ND) virus and avian influenza (AI) virus at 9 d of age. To evaluate the antibody response to ND and AI, blood samples from 8 birds at 42 d of age were collected for subjecting their sera to Hemagglutination Inhibition (HI) tests to determine the antibody response titers of ND and AI vaccines. total and differential leukocyte enumeration At 42 d of age, blood samples (0.5 mL) were collected into EDTA-coated tubes from the brachial vein (8 birds/treatment) to enumerate the total leukocytes, using Natt-Herrick's solution and a hemacytometer (Akhlaghi et al., 2013) . The percentages of lymphocytes, monocytes, heterophils, eosinophils, basophils, and heterophil to lymphocyte (H:L) ratio were determined, using blood smears with Wright's staining procedure and counting 100 cells per slide (Zhandi et al., 2016) .
statistical analysis
The chicks were randomly distributed into three treatment groups of 20 chicks/ treatment with six replicates each by adopting complete randomized design. All data were checked for normal distribution by UNIVARIATE procedure and Shapiro-Wilk test. The data were analyzed by the general linear model (GLM) procedure of statistical analysis system (SAS) 9.1 (SAS Institute, 2002) . The results were represented as LS mean ± SEM where they were compared by the Tukey's test (honestly significant difference; HSD) at P≤0.05. The GLM model used in the present study was as follows:
where:
Y i is the observed dependent variables (including growth performance and immune responses data), µ is mean of population, T i is the effect of the treatment (i = 1,2 and 3), e i is random residual error.
results
The influence of LEDs and ICD light bulbs on body weight, feed consumption, FCR and mortality rate during this study (1 to 42 d of age) are presented in Table 1. The effects of the different color temperatures of the LEDs and ICD light bulbs on body weight, feed consumption, FCR and mortality rate were not statistically significant (P>0.05; Table 1 ). However, marginally the body weight, and feed consumption were highest (at 4 and 5%, respectively), and FCR was lowest (at 1.65%) in birds reared under warm-white light compared to other treatments. As shown in Table 2 and Table 3 secondary titers of SRBC, AI antibody, CBH, and also leukocyte numbers and total leukocyte were not affected by LED treatments and ICD light bulbs (P>0.05; Table 2 ). However, the lighting sources had a significant effect on primary SRBC and ND antibody titers (P≤0.05; Table 2 ). Warm-white light treatment increased (P≤0.05) primary SRBC and ND antibody titers by approximately 47 and 24%, respectively. 
discussion
The three light treatments had no effect on performance of male broiler chicken during the whole period. However, marginally the body weight, and feed consumption were highest, and FCR was lowest in birds reared under warm-white light compared to other treatments. The results of this trial agree with those of Olanrewaju et al. (2015) , who found that light source (LED vs. ICD) alone did not significantly influence broiler performance. However, in a study performed on broiler performance, it was shown that broilers from the cold-white (6,065 K) treatment were heavier than neutral-white (4,100 K) treatment on the day of slaughter, whereas feed intake was found to be similar for the two treatments (Riber, 2015) . Also, Huth and Archer (2015) showed that LED treatments had increased feed conversion compared to compact fluorescent lamps (CFL) treatment. They suggested that this may be a result of decreased stress found in the LED treatments, which in turn, decreasing in "waste energy" may increase the amount of energy put towards muscle growth, thereby improving conversion of feed into muscle. During this study, the percentage of the mortality was not statistically different among the three light treatments. These results are in agreement with several studies in which light source (LED vs. ICD or LED vs. CFL) alone did not significantly influence the percentage of mortality (Huth and Archer, 2015; Olanrewaju et al., 2015) .
It has been well documented that different light colors and photoperiod regimens have an effective impact on immune responses in birds (Moore and Siopes, 2000; Blatchford et al., 2009 ) but the role of color temperatures of the LEDs on immune response of birds has not yet been well investigated. In this study, the highest primary SRBC and ND antibody titers were observed in warm-white light compared to other treatments. A study performed by Xie et al. (2008) showed that green and blue LEDs enhance cellular and humoral immune responses in broiler chickens. Also, Li et al. (2015) suggested that green LEDs illumination could improve the antioxidative capacity and secretion of melatonin to promote B lymphocyte proliferation of bursa of Fabricius in young broilers. Melatonin biosynthesis and secretion could be modulated by environmental light (Li et al., 2015) . Moore and Siopes (2003) showed that melatonin stimulates the cellular and humoral immune responses in Japanese quail. In the present study, warm-white light might increase the melatonin secretion, thereby improving humoral immune responses.
In this study, the effect of the different color temperatures of the LEDs and ICDs on differential leukocyte numbers was not significant. In a study performed on broilers, it was shown that plasma corticosterone concentrations were not affected by treatments (LED vs. ICD) (Olanrewaju et al., 2015) . A normal H:L ratio for hens is about 0.4 and it rises to 0.8 (due to the elevated blood corticosterol level) in birds under severe stress (Gross and Siegel, 1983) . Considering poultry welfare, lack of significant impact of all treatments used in this study on H:L ratio at 42 d of age could be due to the ideal environmental conditions or an absence of physiological stress.
conclusion
It is concluded that warm-white light is useful to provide optimum level of immunity and energy saving in commercial broiler houses.
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